We track subhalo orbits of galaxy and group sized halos in cosmological simulations. We identify filamentary structures around halos and we use these to define a sample of subhalos accreted from filaments as well as a control sample of subhalos accreted from other directions. We use these samples to study differences in satellite orbits produced by filamentary accretion. Our results depend on host halo mass. We find that for low masses, subhalos accreted from filaments show ∼ 10% shorter lifetimes compared to the control sample, they show a tendency towards more radial orbits, reach halo central regions earlier, and are more likely to merge with the host. For higher mass halos this lifetime difference dissipates and even reverses for cluster sized halos. This behavior appears to be connected to the fact that more massive hosts are connected to stronger filaments with higher velocity coherence and density, with slightly more radial subhalo orbits. Because subhalos tend to follow the coherent flow of the filament, it is possible that such thick filaments are enough to shield the subhalo from the effect of dynamical friction at least during their first infall. We also identify subhalo pairs/clumps which merge with one another after accretion. They survive as a clump for only a very short time, which is even shorter for higher subhalo masses, suggesting that the Magellanic Clouds and other Local group satellite associations, may have entered the MW virial radius very recently and probably are in their first infall.
INTRODUCTION
Naively, one would expect that in the ΛCDM cosmology, the properties of the satellite population depend only on host halo mass. In particular, there are several studies which indicate that the halo occupation distribution at fixed halo mass is statistically independent of the large-scale environment (Bond et al. 1991; Lemson & Kauffmann 1999; Kravtsov et al. 2004) .
However, already the early work by Tormen (1997) showed that the masses and orbits of satellites accreted by central clusters was dependent on the cluster mass, and highly anisotropic. This evolved into more recent results obtained using both numerical simulations and observations which indicate that the satellite population may be affected by the large-scale environment, particularly their dynamics and locations. González et al. (2013) found an enhancement in subhalo velocity for galactic hosts with a M31-like companion, when compared to an isolated control sample of the same mass. In SDSS, galaxies in filaments have more satellites , and satellites tend to align with the filaments .
Another important issue related with subhalo orbits is the incidence of subhalo structures such as discs, and the later abundance of pairs and clumps and their fate after accretion. Libeskind et al. (2005) show that the incidence of disks or planes of satellites is to be expected to some degree in a ΛCDM cosmology, in particular when considering the brightest subhalos. Furthermore, the distribution of these bright satellites lies in a plane perpendicular to the main galaxy disc, in agreement with hints regonzar@astro.puc.cl from the Milky Way (Libeskind et al. 2007) . The probable reason for the formation of these discs of satellites is the accretion of subhaloes from filaments (Lovell et al. 2011) . However this is still subject to debate as, e.g. (Pawlowski et al. 2012) , it is pointed out that the planes of satellites in the Aquarius and Via Lactea simulations are not as flat as claimed by observational measurements for the Milky Way.
Regarding clumps , it is worth noting that the Local Group contains several satellite associations in M31 and the MW; the Magellanic Clouds (MCs), for example, are an interacting satellite pair. In general these associations are rare in the ΛCDM model, and little we know about their accretion history and evolution in a cosmological context. But this has also been associated to the existence of planes of satellites. Li & Helmi (2008) showed that the infall of satellites that were part of a clump before accretion could indeed produce a final distribution of satellites in the new host, distributed along a disc, with some remnant clumps.
In addition, satellite-satellite mergers after infall are associated to satellites accreted in clumps with correlated infall histories. (Deason et al. 2014; Wetzel et al. 2015) . Fattahi et al. (2013) found that, in the Local group, 30% of all MW and M31 satellites are found in likely physical pairs of comparable luminosity, and they are much closer together than expected by chance if the radial and angular distributions of satellites are uncorrelated. In contrast, for the same pair criteria, this fraction drops to less than 4% in N-body/semi-analytic models that match the radial distribution and luminosity function of Local Group satellites.
Recent proper motion measurements of the Magellanic Clouds (Kallivayalil et al. 2006 (Kallivayalil et al. , 2013 , and their implied orbits, favor a first infall scenario (Besla et al. 2007 (Besla et al. , 2010 Kallivayalil et al. 2013) . Boylan-Kolchin et al. (2011) used numerical simulations to conclude that the LMC was accreted within the past four Gyr and is currently making its first pericentric passage about the MW; however, they consider the LMC and SMC as independent objects. Massive satellites do not survive for long. Dynamical friction time-scales for 1 : 10 objects at z = 1 is ∼ 5 Gyr (Boylan-Kolchin et al. 2008) . Busha et al. (2011) used simulations to study the accretion history of the LMC and SMC as independent objects in the past 10 Gyr, and found a 72% probability that the MCs were accreted in the last Gyr, 50% of which were accreted as a pair. In simulations, González et al. (2013) found that only 2% of MW-sized halos have a subhalo pair(V circ > 50km s −1 ), and only 1 out of 30000 have a MC-like pair.
The main goal of this paper is to understand the effect of filamentary accretion on the subhalo population and, as a secondary goal, to study the orbital evolution of subhalo associations (pairs/clumps) to try and use this to infer the accretion history of MCs and/or other satellite associations in the Local Group.
DATA

Simulations
We use two sets of simulations. One designed to study the orbits of accreted satellites in galaxy and small group sized haloes, and another for a cluster sized halos.
The simulation for smaller haloes, which will be referred to as FORS (Following ORbits of Satellites) from this point on, was run using the GAD-GET2 code (Springel 2005) with cosmological parameters consistent with those from the Planck mission (Planck Collaboration et al. 2014) , with matter, cosmological constant and baryon density parameters Ω m = 0.3175, Ω Λ = 0.6825, Ω b = 0.049, and Hubble constant H 0 = 100hkm/s/Mpc, where h = 0.6711. The simulation contains 1024 3 particles in a 40h −1 Mpc side box. The particle mass is 5.25 × 10 6 h −1 M ⊙ . A total of 301 snapshots were stored, spaced by ∆a = 0.005 from scale factor a = 0.1 to a = 0.6, and by ∆a = 0.002 from a = 0.6 to a = 1, which results in a time spacing of ∼ 30Myr at z 0. This provides an appropriate time resolution to track accurate orbits for hundreds of MW-sized halos up to M sub /M host ∼ 10 −4 . We use the Phoenix simulation suite (Gao et al. 2012) for cluster sized halos. In particular we choose the Phoenix C and E simulations (Ph-C and Ph-E hereafter) which follow clusters of final masses ∼ 5.5 × 10 14 h −1 M ⊙ and ∼ 6 × 10 14 h −1 M ⊙ respectively. For these simulations the particle mass is 4.43 × 10 6 h −1 M ⊙ . The number of snapshots in both cases is 72 spaced by ∆a = 0.017. The mass resolution is similar among all simulations, but the orbits in the Phoenix simulations are more coarsely sampled.
Hosts
Halos and merger trees in FORS are obtained using the Rockstar Halo Finder and Consistent Tree codes (Behroozi et al. 2013 ). There are ∼ 1 million halos with masses above 10 8 h −1 M ⊙ ; the mass of the largest halo is 3 × 10 14 h −1 M ⊙ . Around 20% of all objects identified are subhalos. The host halos for which we choose to track their subhalo orbits are intended to include masses encompassing hosts of the MW or M31 up to small groups, i.e.,
• Mass at z = 1 in the range 10
• mass at z = 0 in the range 10
• Merger ratios less than 1 : 4
The resulting sample consists of 162 host halos. Figure 1 shows the mass evolution for the selected hosts since z = 1; the color scale represents the mass growth ratio(M/R) since z = 1 down to the present time. Most host halos show a smooth mass evolution since z = 1, ensuring we exclude systems where the subhalo population may be strongly altered by major mergers. We also set this set of conditions in order to allow a sample of hosts comparable to those of the MW or M31.
To study the subhalo orbits of more massive halos, we use the Ph-C and Ph-E simulations of clusters with masses ∼ M 200 ∼ 6 × 10 14 h −1 M ⊙ . Notice that the Phoenix simulations adopt a M 200 definition for halo mass, instead of the virial mass used in FORS. The former is generally smaller. Subhalos are also found differently, with the SUBFIND code (Springel et al. 2001 ); details about this cluster resimulation can be found in Gao et al. (2012) . We do not expect large differences in the subhalo detection between Rockstar and SUBFIND (Knebe et al. 2011 ).
Subhalos
We track the subhalo orbits of the selected hosts in both simulations. We only consider subhalos which entered the virial radius after z = 1 for the first time, i.e., our sample contains no subhalos that were inside the virial radius before that time. We do not adopt the subhalo tag provided by the halo finder algorithm. Instead, we define as subhalos all halos crossing the host virial radius.
We find 125, 335 subhalos in the FORS simulation. Figure 2 shows their mass function at accretion time. For the remainder of this paper we select subhalos with masses above 1.05 × 10 8 h −1 M ⊙ or 20 particles (vertical dashed line) and those which survive at least 4 snapshots after accretion. These cuts result in a final sample of 61896 subhalos.
In the Ph-C and Ph-E clusters we detect 37819 and 47, 927 subhalos, respectively, with masses above 10 8 h −1 M ⊙ . Of these, 28190 and 36342 survive at least 2 snapshots after accretion, respectively (similar survival times as in the FORS simulation). This ensures that using two cluster resimulations provides similar statistics in the number of subhalos between both sets of simulations.
In our analysis we will concentrate mainly on the FORS simulation, and will only show results from the Phoenix clusters when there are trends in the statistics associated with higher host halo mass. We find that the result that depends most on halo mass is the lifetime of subhaloes (cf. Section 3.3). , not from filaments (blue), and the No Filament sample, consisting of subhalos not coming from filaments but having the same mass function as from filaments (dashed blue). The bottom-left sub-panel shows the distribution of the number (solid) and mass (dashed) fraction of subhalos accreted from filaments in each host; on average we have 20% subhalos accreted from filaments, but they account for ∼ 40% of the total accreted mass.
Filaments
In the FORS simulation we detect the filamentary structure around each of the 162 host halos every 10 snapshots (∼ 300Myrs) since z = 1. We use the Disperse code (Sousbie 2011) on the particle data within 1h −1 Mpc from each halo center. Disperse is run with a persistence threshold of 10σ ensuring only strong filaments, and we also remove any filament not passing through halo center. A more detailed description of the filament detection method and the selected persistence threshold can be found in the Appendix.
In the case of the Phoenix clusters we identify filaments in 42 snapshots since z = 2, using the same procedure.
For each subhalo we compute its distance to the closest filament at accretion time. This allows us to define two samples. A first selection corresponds to subhalos closer than 40h
−1 kpc to a filament at accretion time. These comprise the Filament sample. Second, subhalos more distant than 40h
−1 kpc to a filament at accretion time will be the initial candidates for the No Filament sample. For each host we compute the fraction of subhalos accreted from filaments relative to the total subhalo population accreted since z = 1, and also the fraction of mass contained in such subhalos. In the bottom-left panel we show corresponding distributions for the number fraction(solid line) and the mass fraction(dashed line) of subhalos accreted from filaments. In most host halos, less than 40% of their subhalos were accreted from filaments, with an average value close to 20%. In terms of mass, the distribution is wider and hosts can have up to 80% of the total accreted mass in subhalos coming from filaments, with an average of ∼ 40%. This can be seen in the high mass-end of the figure where both mass functions (Filaments and control sample) are closer to each other and even overlap at M ∼ 10 10 h −1 M ⊙ . In the Phoenix simulations 27 − 30% of the subhalos were accreted from filaments, and they account for ∼ 50% of the total subhalo mass accreted since z = 1.
The question of what is a filament is still not fully settled, and as a result there are several definitions and available methods for filament detection. There is an ongoing discussion about which method/definition is better, but we do not attempt to enter into this discussion in this paper. We are aware that using a different filament definition may lead to different results regarding the comparison of the Filament and No Filament samples. Consequently, we have tested the trends and conclusions along the paper resulting from changing the parameters used to define a filament and find no significant differences. This may be due to the use of only the strongest filaments in this work, which allows us to remain in the safe zone of convergence among several methods including visual inspection. Lower thresholds that would include weaker filaments would only reduce the strength of the differences between Filament and No Filament samples but would not change the trends and neither would it change the conclusions.
We choose the Disperse method, because it is suitable for the particle distributions around our host halos. It uses a simple definition for filaments based on a single parameter, the persistence threshold, and this method has been used in several simulations and observational data-sets.
For future comparisons we report our average number of 3 filaments connected to each host, which can be used to tailor samples of filaments obtained using a different filament detection methods with the aim to compare to our findings. For example, one could choose the N strongest filaments such that the average of filaments connected to each host is the same as ours.
The two parameters governing our filament sample are: Persistence threshold: this defines the strength of the filament arcs and is measured as the number of standard deviations, σ, the density of the filament lies above what would be expected for a random distribution. We choose 10σ to ensure no spurious detection and in order to avoid any resolution effects (see the Appendix for details). Higher threshold values do not change the results of this paper. However, a threshold below ∼ 6σ tends to add too many spurious filaments with the effect of diluting the strength of the differences and trends found in our paper.
Distance to filament(D F IL ): Disperse method only resolve the skeleton of the filamentary structure so we must define a filament radius or thickness to identify the volume where subhalo are assigned as filament members. We adopt 40h −1 kpc because this is the typical radius of detected filaments, and this is large enough for statistics purposes where ∼ 20% subhalos are found in filaments. Larger radius increase statistics but decrease the strength of the trends found in this paper, and smaller radius boost the strength of these trends but degrade the statistics. A more detailed explanation of the effect of this parameter can be found in 3.4.
RESULTS
Subhalo Orbits
We track the orbits of all subhalos since accretion time and we define several sub-samples based on their fate:
• Still Alive: Subhalos still orbiting host at z = 0.
• Merged: Subhalos merged with the host before z = 0.
• Destroyed: Subhalos who disappear inside the virial radius of their host, but do not merge into any other halo. Most of them are associated with subhalos losing mass due dynamical frictions who are reaching mass detection limit around 10 7 h −1 M ⊙ . Destroyed halos add up to the host halo mass, but did not reach host center as a substructure, they convert into a diffuse component in the host.
• Merged Other: Subhalos who end up merged into other subhalo. Most of them are subhalo pairs or clumps at accretion time. A detailed explanation can be found in section 3.8.
We define the subhalo lifetime as the time elapsed since accretion into the host and the time they end up destroyed, merged or until z = 0 if they are still alive. In the case of subhalos still alive, we remark that the lifetime is the look-back time since accretion, and that a comparison with lifetimes of already dead subhalos(merged/destroyed) should be made carefully. Figure  3 shows the distribution of lifetimes for the different fates of subhalos. The full sample shows a nearly flat distribution truncated at 8 Gyrs which reflects that we only consider subhalos accreted after z = 1. Subhalos still alive show a distribution which is also quite flat, but tends to be older and favor more massive subhalos than the full sample. Merged samples show shorter lifetimes and are associated to lower mass subhalos. Destroyed subhalos show even shorter lifetimes and are associated to even lower masses, in particular low mass subhalos reaching down to the subhalo mass detection limit due to dynamical friction. We explore first if the different sub-samples, Filament or Control, suffer different fates. Table 1 shows the fraction of subhalos depending with different fates, for subhalos accreted through filaments or otherwise. Our findings indicate that ∼ 70% of subhalos accreted in the last 8 Gyrs are still alive, ∼ 8% merged with the host, ∼ 20% were destroyed inside the halo, and ∼ 2% merged with another substructure. In the Phoenix simulations the resulting fractions are similar.
Subhalos accreted from filaments tend to have shorter lifetimes and are less likely to be still alive at z = 0. This result is significant at the 6σ level. In addition, they are more likely to merge with the host or be destroyed. This is expected in the scenario that satellites coming from filament follow more radial orbits and reach the halo center straight away in shorter timescales. However, we sill show in section 3.2 and 3.7 that this depends TABLE 1 Fraction of subhalos with different final fates for the case when they were accreted through filaments or from the field. Subhalos accreted from filaments are less likely to survive until present time, they are more likely to merge the host, merge with other subhalo and also are more likely to just be destroyed.
on the filament strength and host halo mass. In the case of subhalos merged with another subhalo, this is more likely to happen in filaments mainly because clumps or groups of subhalos are more common in large-scale filaments than in the field, and therefore are more likely to have been part of a group of subhalos before accretion. We will study this scenario in more detail in section 3.8.
3.2. Influence of filamentary accretion on subhalo lifetimes We explore the relation between filamentary accretion and subhalo lifetime for different subhalo samples. Figure 4 shows lifetimes since accretion for subhalos accreted from filaments and in the control sample. We find mean lifetimes of 3.57 ± 0.02 Gyr for the Filament sample and 3.86 ± 0.03 Gyr for the control sample, this is, subhaloes arriving through filaments show a ∼ 8% shorter lifetime at a 9σ significance. The average values and fractional differences between filament and no filament samples are summarized in table 2. In the case of the Still Alive sample the lifetimes are 4.20 ± 0.03 Gyrs for the Filament sample and 4.35 ± 0.03 Gyrs for the control sample; only 3 − 4% shorter lifetimes for subhalos arriving via filaments. For the Merged sample lifetimes are 3.35 ± 0.03 Gyrs and 3.62 ± 0.05 Gyrs respectively, 8% shorter for subhalos arriving through filaments. For the Destroyed sample, lifetimes are 1.85 ± 0.02 Gyrs and 2.10 ± 0.03 Gyrs respectively, that is, 12% shorter lifetime for the filament case.
The result of larger lifetime difference for merged and destroyed samples compared to the still alive sample should be taken with caution since in these cases, the lifetime definition does not account for the total survival time of the halo, as it represents the look-back time since accretion and does not take into account the total time it will survive.
We explore if the shorter lifetimes of subhalos accreted from filaments depend on the properties of their host halos. First, we select host halos by mass growth ratio M/R already defined in Section 2.2. There is no clear difference in the subhalo lifetimes and filamentary accretion which indicates the speed of growth of the hosts is not an important factor. Second, we explore the dependence on the fraction of subhalos accreted from filaments using the number and mass fractions defined in Section 2.4. We find only a small signature that lifetime difference between Filament and control sample is slightly larger for hosts having a larger filament mass fraction. This difference is probably produced by the larger fraction of mass accreted from filaments in lower mass hosts. In the next subsection we explore the effect of host mass. 
Dependence on host halo mass
To study the effect of host halo mass in the lifetimes of subhalos accreted from filaments or control samples, we make use of FORS and Phoenix simulations. With the FORS simulation we can explore low-and mid-range host masses; in Phoenix clusters we reach the high mass end. Figure 5 shows the lifetime distributions for subhalos accreted from filaments and for the control sample, for different host masses. The left panel shows results for the 20% percentiles of low (M HOST < 9 × 10 11 h −1 M ⊙ ) and mid (7 × 10 12 < M HOST < 10 13 h −1 M ⊙ ) mass ranges in the FORS simulation. The middle and right panels shows results for the Phoenix clusters(M 200 ∼ 6 × 10 14 h −1 M ⊙ ). First, subhalos in higher mass host halos have shorter lifetimes in general, this is because they are subjects of more dynamical friction in a denser environment. Second, the difference in lifetime between subhalos accreted from filaments and the control sample is slightly larger for lower mass halos, specifically, 10% shorter lifetimes for low mass hosts, and 8% shorter lifetimes for intermediate mass hosts. In lower mass hosts the mean lifetimes are ∼ 0.5 Gyr shorter for the Filament sample, and in intermediate hosts it is ∼ 0.2 Gyr shorter. In the high mass hosts (Phoenix clusters) subhalos accreted from filaments have longer lifetimes (∼ 0.2 Gyr) when compared to the control sample. This reveals a trend that in higher mass hosts the lifetime difference for subhalos accreted from filaments becomes weaker and even reverses for cluster sized halos.
This behavior is somewhat expected as more massive host halos are connected to, denser and stronger filaments, which are thicker (0.5 − 1h −1 Mpc diameter in cluster sized halos) and with higher velocity coherence. Therefore, the subhalos accreted through fila- ments, which appear to show slightly more radial orbits, are shielded from dynamical friction in their first infall by the dense and coherent flow of the filament they are falling through. In section 3.6 and Appendix B we explore in more detail the orbital parameters of subhalos accreted through filaments.
Given the larger spacing between simulation snapshots in the Phoenix simulations, we will restrict most of the remainder of the analysis, which will now focus on orbital parameters, to the high resolution simulation, i.e. to halos with masses of groups and lower.
Robustness to sample definition
We now explore the dependence on subhalo mass and distance filament skeleton used originally to define the Filament and No Filament samples. Figure 6 shows the distributions of lifetimes for different subhalo masses, in the left panel, and for different distances to the filament in the right panel.
The left panel of the figure shows that lower mass subhalos have shorter lifetimes as expected because they lose mass due to dynamical friction and fall below the subhalo detection limit earlier. The lifetime differences between Filament and control samples for low mass subhalos is of shorter timescales by 6%. For high mass subhalos timescales are 12% shorter. The right panel shows an important increase in the lifetime difference for shorter values in the criterion taking into account distance to filament. For D F IL < 15h −1 kpc lifetimes are 14% shorter, and for D F IL < 55h −1 kpc these are only 5% shorter. This is a clear signature that the methodology to detect the filaments adopted in this paper is indeed selecting filamentary regions where subhalo accretion is different, with a tendency toward more radial orbits around the halo centers, which is reflected in shorter subhalo lifetimes.
Mass loss after accretion
We explore the mass loss of subhalos since accretion time. Dynamical friction studies show that subhalo mass loss and lifetime depend on how deep the subhalos penetrate the host halos, and this is related to orbit eccentricity, and also subhalo-to-host mass ratio (Boylan-Kolchin et al. 2008) . Figure 7 shows the average subhalo mass as a function of time since accretion, with mass normalized by the mass at the moment of accretion.
The left panel shows the average fractional mass loss for the Still Alive sample (thick lines). Thin lines show the individual fractional mass evolution for 1% of the subhalos for the Filament(red) and No Filament(blue) samples, with darker colors corresponding to more massive subhalos and lighter colors to less massive ones. Average values are computed with an appropriate weighting at every time step since each subhalo has different lifetimes which makes them contribute to fragments of the curve showing the average. The solid thick lines shows the average values; as can be seen, subhalos accreted from filaments have higher mass loss in concordance with their shorter lifetimes. Green shows the average fractional mass for massive subhalos which lose mass faster than lower mass subhalos, as expected from dynamical friction effects (Boylan-Kolchin et al. 2008 ).
The right panel shows the fractional mass loss for the Merged and Destroyed samples. We found that mass loss difference between Filament and control sample for Merged and Destroyed subhalos are larger than for the Still alive ones, in agreement with larger differences in lifetimes for corresponding samples aswell. In addition, the mass loss for the Merged sample is larger than for the Destroyed sample; naively we would expect the opposite, that the Destroyed sample end mass should even reach values close to zero, which is not the case. This reflects that the Destroyed sample is dominated by low mass subhalos which disappear due to resolution problems rather than reaching a small fraction of their initial accretion mass. Notice that these low mass subhalos do not affect lifetimes differences found in this paper, since we can see same trends in Still Alive samples or using larger subhalo masses(figure 6). that subhalos accreted through filaments with a tendency for more radial orbits.
Pericenter distance: the top right panel shows the distributions of pericenter distances in the first orbit. Subhalos in the Filament sample show smaller pericenter distances, in agreement with smaller impact parameter and a tendency for more radial orbits. Notice that this pericenter distance is computed only for subhalos that make at least half an orbit in order to ensure the pericenter distance is the minimum radial distance along the trajectory and not just the extreme of one small orbit segment, for the case of very short lived subhalos.
Number of Orbits: the bottom left panel shows the distribution of fractional number of orbits. Subhalos in the Filament sample make less orbits but it is barely significant, however this slight trend is in agreement with their shorter lifetimes. We can see the resonances at 0.6, 1.2, 1.8 orbits due to the likelihood that for elliptic orbits they merge or get destroyed slightly after passing pericentric points which on average are located in such positions. We select a sample of long lived subhalos with lifetimes > 3 Gyr to check that there is no difference in the number of orbits due to filamentary accretion, and find resonance peaks in the same positions.
Number of times reaching outside the virial radius: the bottom right panel shows the distribution of the number of times subhalos escape the virial radius since accretion. We find a larger number for the No Filament samples. Even though we expect a larger number of escapees for more radial and eccentric orbits, such as found in filaments, we find the opposite effect. This is due to subhalos in the Filament sample making less orbits which makes it less likely for them to survive enough to escape beyond the virial radius.
3.7. Lifetime and filament strength Fig. 9 .-Lifetime distribution for Destroyed subhalos in Filament and control samples having low(solid lines) and high(dashed lines) impact parameter at accretion. Subhalos in filaments with low impact parameters can be associated with strong filaments with slightly stronger radial accretion and higher velocity coherence. For high impact parameter, they can be associated with diffuse filaments. For subhalos accreted through stronger filaments the lifetime difference between Filament and control sample is strongly reduced.
In this section we explore the how the lifetime difference between Filament and control samples depends on filament strength. We define as strong filaments the ones that are more dense and thick, which in general feed their connected hosts with a more coherent matter flow.
We infer that low impact parameter subhalos in the Filament sample are aligned with the filament direction at accretion, so it is more likely they come from strong filaments with a more coherent radial flow, and in an analogous way, high impact parameter subhalos in the Filament sample are misaligned with the filament, so it is more likely they come from weaker and more diffuse filaments. Figure 9 explores this relation for Destroyed samples where subhalos are more likely to die faster, so as to isolate what happens in the first infall through a filament. We find that for the low impact parameter sample, the difference in lifetime totally disappears, and for high Figure 7 , the relation reverses and subhalos accreted from strong filaments lose mass at a slower rate than the control sample. The fractional angular momentum loss seems to be important in the first Gyr after accretion, but it follows the mass loss trend at later times.
impact parameter it reverts to ∼ 13% shorter lifetimes for the Filament sample. This effect is also present in the Still Alive and Merged samples.
If we join this result with the dependence on host halo mass, we can infer that the lifetime difference dissipates and even reverses for larger host halos connected to stronger filaments, where the filaments have stronger velocity coherence and are thick enough to shield the first infall of subhalos from dynamical friction.
We test this hypothesis using the most massive hosts in the FORS simulation with M > 4 × 10 12 h −1 M ⊙ at z = 0, selecting subhalos still alive with low impact parameter b/R V IR < 0.2. Figure 10 shows the average fractional mass (solid lines) and angular momentum (dotted lines) loss for Filament and control samples. Here we confirm the effect measured in the Phoenix simulations where subhalos from filaments lose mass and angular momentum at a slower rate than those in the control sample, indicating that strong filaments shield subhalos from dynamical friction. The angular momentum evolution is quite steep the first Gyr, but then it tends to follow the slope of the mass evolution.
Satellite pairs/clumps and the Magellanic Clouds
We focus our attention to the ∼ 2% subhalos which end up merged with another subhalo. The Merge Other sample is defined as all subhalos which suddenly increase their mass by a factor ≥ 2 between two consecutive snapshots after accretion, and survive for at least 2 more snapshots with a similar or even larger mass. We use this more general definition rather than Rockstar halo finder merge conditions which requires two well resolved subhalos and may skip some transient effects or disrupted 
subhalos.
We find that most of these subhalos increase their mass due an important accretion/merge event, however in some cases the other merging member may be a non resolved accreted subhalo.
We define an additional subhalo sample of Resolved Pairs, which is a sub-sample of the Merge Other sample but with the additional constraint that the other merging member is a well resolved subhalo. Around one third of the Merge Other sample are Resolved Pairs.
We can associate these sub-samples, in particular the Resolved Pairs sub-sample, as subhalo pairs or associations which end up merged together before they are destroyed by dynamical friction or merged with the host. Most of these subhalos are accreted with their merger companion already nearby, probably bound, and it is extremely rare to find one subhalo merging with another subhalo just by a random encounter after accretion. In González et al. (2013) they find a similar incidence of ∼ 2% subhalo pairs in MW-sized halos, and this drops to ∼ 1 in a sample of 30000 if we look for matching MC analogues.
We found that only ∼ 9% of these subhalo pairs survive until z = 0, and most of them accreted less than a Gyr ago. Figure 11 explores the cumulative probability distribution of their lifetimes in the left panel, where lifetime is defined as the time elapsed since pair/clump accretion until they merge each other. By definition the time when they merge is the time when the major interaction begins, the transient time until the merging process stabilizes may last up to a couple of snapshots ≤ 100M yr.
We find shorter lifetimes compared with subhalos merged with the host (blue line), and lifetimes become shorter for larger subhalo masses, and for the Resolved Pairs sub-sample. For subhalos larger than 10 9 h −1 M ⊙ we find a 50% chance their lifetimes are shorter than 1.4Gyr and a 90% chance their lifetimes are < 4Gyr. For Resolved Pairs the 50% and 90% chances drop to 0.8 Gyr and 3.4 Gyr respectively. If we associated these subhalos with the Magellanic Clouds, we would infer they entered the MW virial radius very recently and probably are in the first infall, or at least have traversed less than a full orbit, otherwise they should be already merged. This supports the first infall scenario proposed by Besla et al. (2007) using HST proper motions of the MCs, and is in agreement with the results of Peñarrubia et al. (2015) . In the right panel of the figure we show the distribution of distance to filament for the same sub-samples compared with subhalos merging into the host. We find that all samples related to subhalo pairs/clumps are more likely to be closer to filaments at accretion. For subhalos merged into host, 19% of them were accreted from filaments(d < 40h −1 kpc), for the Merged Other sample this fraction raises to 21%, for Resolved Pairs sub-sample it increases to 29%, and for Merge other subhalos larger than 10 9 h −1 M ⊙ the fraction is 39%. This summary along with the result shown in the last row of Table 1, indicate that filamentary accretion boosts the formation of subhalo associations. As a result, host halos having more filamentary accretion along their formation history are expected to have more subhalo pairs such as the MCs.
In the Local Group, the overabundance of subhalo pairs in the MW and M31 compared with ΛCDM halos of similar mass (Fattahi et al. 2013 ) may be explained in the scenario where the process of filamentary accretion was dominant in the formation of the main galaxies of the LG. We do not know the assembly history of the LG, but at the present time the MW and M31 are located in a filamentary structure (Courtois et al. 2013) , and from numerical simulations it is believed that MW-M31 pairs are very likely to be located and aligned with large scale filaments (Forero-Romero & González 2015) .
DISCUSSION AND CONCLUSIONS
We studied the lifetime of satellites, and how this depends on whether the satellite arrived via a large-scale filament, or from the field. We also studied how this changes with the host halo mass. In the case of low mass halos, subhalos accreted through filaments show ∼ 10% shorter lifetimes compared to subhalos accreted from random directions. This is expected since subhalos accreted through filaments have a preference for more radial orbits and are more likely to reach halo central regions earlier, suffering stronger dynamical friction and merging with the host. In higher mass haloes we notice that this effect dissipates, and when we select the strongest filaments where there is higher velocity coherence along the filament (in the radial direction to the host center) we notice also that this effect dissipates. This may be explained because larger mass hosts are connected to stronger filaments with higher velocity coherence and density, where even though orbits are slightly more radial, the filament is thick enough to shield the subhalo at least in its first infall, reducing dynamical friction effect because the subhalo follows the filament's coherent flow. We tested this hypothesis using both simulations suites FORS and Phoenix. In the former we selected a sub-sample comprising the most massive hosts with low impact parameter subhalos. In the Phoenix simulations we simply have two clusters of ∼ 6 × 10 14 h −1 M ⊙ . In both cases, the difference in lifetimes reverses, and subhalos accreted through strong filaments present larger lifetimes than subhalos accreted from random directions.
This shielding from dynamical friction produced in filaments during the first infall is also important to understand the segregation of subhalos by their masses at accretion. van den Bosch et al. (2015) demonstrate that part of this segregation is already imprinted in the infall conditions. For massive subhaloes it is subsequently boosted by dynamical friction, but only during their first radial orbit.
The trends with filamentary accretion found for the lifetimes are not strong enough to influence general halo statistics or cosmology, but for precision models of dynamical friction and tidal stripping this should be taken into account as it would change the properties of the satellite population produced in SAMs or HOD models. It can also help to understand better assembly bias or other clustering systematics for future surveys, and can be a key signature to take into account when studying the planes of satellites recently found in the Local Group.
Subhalo pairs or groups, similar in nature to the Magellanic Clouds or other MW satellite associations, have shorter lifetimes.
For Merge Other subhalos (pairs of subhalos that merge each other) larger than 10 9 h −1 M ⊙ we found a 50% chance their lifetimes are shorter than 1.4Gyr, and a 90% chance their lifetimes are shorter than 4Gyrs. For the sub-sample of Resolved Pairs these lifetime percentiles are even shorter. By associating these subhalos with the Magellanic Clouds one can infer they have entered the MW virial radius very recently and probably are in their first infall, or are likely still within their first full orbit, otherwise they should have already merged. We also found that filamentary accretion boosts the accretion of subhalo pairs/groups, and this may be an important clue for understanding the overabundance of subhalo pairs in the Local Group.
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APPENDIX
A. FILAMENT DETECTION SENSITIVITY
We identify filaments in this paper using Disperse code (Sousbie 2011) . This code uses Morse theory to identify critical points in a point distribution, then it connects these critical points, in particular maximum and saddle points to form arcs, then a set of connected arcs form a skeleton which is the central tracer of a filamentary structure. In the context of Morse Theory, a persistence pair is a pair of critical points with a critical index difference of 1(i.e. Maxima and Saddle point), and the persistence is a positive value to represent the importance of the persistence pair in comparison with the noise. Higher persistence threshold to identify filaments mean stronger filaments with a higher contrast among a random distribution of points. This threshold can be measured in terms on the number of sigmas, where the persistence pair has a probability of at least n-sigma to not appear in a random field. Disperse ran with a persistence threshold of 10σ ensuring only strong filaments not produced by random.
In addition we test the effect of simulation resolution on the persistence threshold, the idea is check if the number of particles we use to sample the filaments around the host halos is enough to identify consistent filaments and if this is not resolution dependant. For this purpose we select 50 halos at z = 0 and compute their filaments using form 20% to 100% of the total number of sampling particles. Filaments are also computed for several persistence thresholds from 4 to 10σ. Results are shown in Figure 12 , we have the average number of filaments dependence on the fraction of original particles used, and for different detection thresholds. Errors are represented by the thickness of each line. We have that at higher detection thresholds, we identify less filaments as expected, but they are stronger an less dependent on the fraction of particles used. At 4σ we have an average of 10 filaments per halo, but we miss around 30% of the filaments if we use only the 20% of the particles; However at 10σ we found an average of 3 filaments per halo, but this number does not depend on the number of particles used. This demonstrates that we do not suffer resolution effects on the detection of filaments and they are not spurious detections. -Resolution test: average number of filaments dependence on the fraction of simulation particles used. We use 50 host halos and we run Disperse code on sub-samples having from 20 to 100% of the original particles. Higher detection threshold results in less filaments, but with higher contrast. We can clearly see that filaments detected with persistence threshold of 10σ are strong enough to be fully recovered even when using only 20% of the original particles.
After we have the filaments for each halo at a given redshift, we select only the filaments which are connected to a maximum critical point within 0.5 times the virial radius. We discard filament data beyond two times the virial radius. The final step is to compute for each subhalo the distance to the closest filament segment.
B. INCREASED ELLIPTICITY OF ORBITS FROM FILAMENTS
We explore in more detail the trends found in figure  8 where subhalos accreted through filaments have lower impact parameters at accretion and smaller pericentric distances indicating a tendency for more radial orbits. In figure 13 we show the cumulative distribution of impact parameters for subhalos accreted through filaments and for control sample, where 27.2 ± 0.3% of subhalos in the filament sample have impact parameters lower than 0.4. This fraction drops to 22.3 ± 0.2% in the no filament sample.
C. STATISTICAL SIGNIFICANCE SUMMARY
For the differences in the properties between subhalos accreted from filaments and control sample, we compute average values and associated errors using the jacknife method. Table 2 summarizes these measurements making reference to the figures where these results are shown.
D. RESOLUTION EFFECTS: TIME SAMPLING
We explore the effect of time sampling in the subhalo orbit computation. One of the main features of the FORS simulation is the exceptional high temporal resolution where snapshots are spaced by a scale factor difference ∆a = 0.002, where we can track very detailed subhalo orbits. However in most cosmological simulations snapshots are spaced by larger time steps. Here we test how the measured lifetime differences between filament and no filament samples are affected by the accuracy of the orbit and lifetimes when snapshots are more coarsely spread.
In order to perform this test we compute subhalo orbits using half the snapshots, resulting in a spacing of ∆a = 0.004. We also repeat the procedure using one quarter of the snapshots, resulting in ∆a = 0.008.
In figure 14 we repeat figure 4, computing lifetime distribution for subhalos accreted through filaments or from the field, but for different temporal resolutions: full resolution(solid thick lines), half resolution(solid thin lines), and quarter resolution (dashed lines). Average values for the full resolution case are shown as vertical solid lines, and average values for the degraded resolution cases including errors lie within in the colored regions.
We found average lifetimes of 3.52 ± 0.03Gyr and 3.45 ± 0.02Gyr for the filament samples in the half and quarter resolution cases, respectively, and 3.80 ± 0.02Gyr and 3.74 ± 0.03Gyr for the no filament samples as well. We found that lifetimes become systematically slightly shorter as we degrade the resolution, mostly due to dead or merge times becoming shorter in coarser time samplings. However, we found that the fractional difference between filament and no filament samples in all three resolutions remains at ∼ 8%. Therefore, we can conclude that a coarser temporal resolution may lead to lower subhalo lifetimes, but the difference between filament and no filament samples remains within the same significance.
Another feature of the figure is that differences are noisier for longer lived subhalos. This is the result of snapshot being spaced by scale factor. In this case the error in the accretion time at earlier epochs is larger, i.e. at a ∼ 1 a ∆a = 0.002 translates to ∆t = 29.2M yr, while at a ∼ 0.5 a ∆a = 0.002 translates to ∆t = 82M yr.
E. RESOLUTION EFFECTS: SUBHALO MASS
The mass resolution of the simulation affects the number of resolved subhalos and the mass limit to which we are able to track a subhalo as it loses mass due to dynamical friction. We partially address the mass resolution effect in Figure 6 and Table 2 , where the lifetime differences for more massive subhalos falling from filaments and the field become even larger. In simulations with coarser resolution our result becomes only stronger, in particular for more massive subhaloes.
However, to fully address how mass resolution affects lifetimes it is not enough to just use a higher cut on subhalo mass at accretion. Instead, we need to test on a coarser resolution simulation, or include the effect of mass resolution limit in the orbit tracking. We chose the latter and, accordingly, for each subhalo orbit we track the subhalo until it reaches 8 times the original simulation subhalo mass detection limit, while adding a random scatter corresponding to having 8 times less particles per subhalo. This model provides a good approximation to the alternative of running a coarser resolution simulation. Figure 15 shows the lifetime distribution shown already in Figure 4 but now also including the coarser mass resolution case. In the coarser case subhalos have lifetimes 3.24±0.03Gyr for the filament sample and 3.50±0.02Gyr for the no filament samples, both shorter than on the fiducial simulation. However the fractional difference between these two samples remain at ∼ 8%, consistent with the full resolution case.
We conclude that degraded mass resolution leads to lower overall lifetimes, but the fractional difference between filament and no filament samples is not strongly affected leaving our conclusions unchanged.
